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COLOR ADJUSTMENT METHOD FOR 
PIXELS OF COLOR IMAGES THAT 

DESIGNATES COLOR AND 
CORRESPONDING ADJUSTMENT COLORS 

BACKGROUND OF THE INVENTION 

1. Filed of the Invention 
The present invention relates to a color adjustment 

method for color-adjusting a color image for a color printer, 
color copying machine or the like. 

2. Description of the Related Art 
As a method for color adjustment of a color image have 

hitherto been proposed the tWo folloWing systems: 
(1) a system in Which the color of the Whole of an image 

to be adjusted is adjusted in reference to a speci?ed 
color in the image to be adjusted; and 

(2) a system in Which the color of a speci?ed area (or 
display space area or color space area) in an image to 
be adjusted is adjusted. 

HoWever, the system (1) has the problem of in?uence on 
another color in the image and the system (2) has problems 
including the complexity of designation of the speci?ed 
area, the generation of pseudo outlines and so forth. 
An improvement on the systems (1) and (2) has been 

proposed by “A method of color correction by correspond 
ing to plural desiable colors”, Proceedings of COLOR 
FORUM JAPAN ’94, pp. 19—22. This improved system is a 
color adjustment system in Which a processing for the Whole 
of an image to be adjusted is performed in such a manner 
that a plurality of colors in the image to be adjusted 
(designated colors) and colors desired to obtain after adjust 
ment corresponding to the designated colors (adjustment 
colors) are given and each correspondence is extrapolated 
smoothly over the Whole of a coordinate system in Which a 
color adjustment processing is performed. 
A procedure for color adjustment processing by the 

improved system includes the three folloWing steps. 
Namely, a portion having colors to be subjected to color 

adjustment (designated colors) is selected from an inputted 
image to be adjusted so that a color desired to obtain after 
adjustment (adjustment color) is caused to correspond to 
each designated color (step 1). 
An extrapolation calculation on condition of the corre 

spondence of the designated color to the adjustment color is 
made to de?ne a function having output values for all input 
values in a coordinate system in Which a color adjustment 
processing is performed (step 2). 

The function de?ned by the extrapolation calculation is 
used to perform the color adjustment processing for all pixel 
data of the image to be adjusted (step 3). In actuality, 
inputted image data is converted to the value of the coor 
dinate system beforehand and the adjustment processing is 
performed by use of a processing function. Thereafter, the 
data is converted again into data of a coordinate system at 
the time of input and the converted data is outputted. 

This improved system uses, as the coordinate system for 
color adjustment, a L* Cuv* Huv° (hereinafter abbreviated 
as LHC) coordinate system de?ned in a CIE-L* u* v* space 
Which is one of uniform perceptual color spaces. The color 
adjustment of the Whole of the image is realiZed by per 
forming interpolation processings With an extrapolation 
function of luminosity L having a preference for a chroma 
C direction, With an extrapolation function of chroma C 
having a preference for a hue H direction and With an 
extrapolation function of hue H having a preference for a 
luminosity L direction. 
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2 
HoWever, the conventional color adjustment method has 

the folloWing problem. Namely, in the case Where a pixel 
having a color near to a ?rst designated color on a color 
space is to be adjusted, the color image may be color 
adjusted in an undesirable direction since notWithstanding 
that the color of that pixel is near to the ?rst designated color, 
it is affected by color adjustment parameters for a second 
designated color a speci?ed axis (for example, luminosity L) 
of Which is near to that of the ?rst designated color. 

SUMMARY OF THE INVENTION 

An object of the present invention made in light of the 
above problem is to provide a color adjustment method in 
Which in the case Where there are a plurality of designated 
colors, the color of a pixel to be subjected to color adjust 
ment is strongly affected by the nearest designated color on 
a color space and the color adjustment is made smoothly 
over the Whole of the color space, Whereby an operator of a 
color adjusting apparatus can obtain a desired color-adjusted 
image easily. 

Another object of the present invention is to make the 
color adjustment of the Whole and the color adjustment of 
each color simultaneously, thereby enabling the color adjust 
ment to have further improved operability. A further object 
of the present invention is to realiZe a color adjustment 
processing by table interpolation, thereby enabling the color 
adjustment to operate at a high speed. A still further object 
of the present invention is to realiZe the color adjustment of 
the Whole and the color adjustment of each color simulta 
neously by table interpolation, thereby enabling the color 
adjustment operate With a further improved operability and 
at a high speed. 

In order to solve the above problems and to attain the 
above objects, the present invention provides a method of 
performing color adjustment With a plurality of colors being 
designated on a color image represented on a ?rst color 
space, comprising a step of inputting color adjustment 
information of the plurality of designated colors When the 
plurality of colors are designated, a step of determining color 
adjustment parameters for the plurality of designated colors 
on a second color space from the color adjustment informa 
tion of the plurality of designated colors, a step of inputting 
pixel color information of each pixel of the color image, a 
step of determining the respective distances betWeen the 
pixel color information and the plurality of designated colors 
on a third color space, and a step of determining the color of 
the pixel after color adjustment on the second color space 
from the color adjustment parameters for the plurality of 
designated colors and the distances. 
With the above construction, a color-adjusted color image 

desired by an operator is easily obtained since the color of 
a pixel to be subjected to color adjustment is strongly 
affected by the nearest designated color on a color space and 
the color adjustment is made smoothly over the Whole of the 
color space. 

Namely, the present invention provides the folloWing 
color adjustment methods. 

(1) Acolor adjustment method of performing color adjust 
ment With a plurality of colors being designated on a color 
image represented on a ?rst color space comprises the steps 
of: inputting color adjustment information of a plurality of 
designated colors When the plurality of colors are desig 
nated; determining color adjustment parameters for the 
plurality of designated colors on a second color space from 
the color adjustment information of the plurality of desig 
nated colors; inputting pixel color information of each pixel 
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of the color image; determining distances betWeen the pixel 
color information and the plurality of designated colors on 
a third color space; and determining a color of the piXel after 
color adjustment on the second color space from the color 
adjustment parameters for the plurality of designated colors 
and the distances. 

(2) A color adjustment method of simultaneously per 
forming color adjustment With a plurality of colors desig 
nated on a color image represented on a ?rst color space and 
color adjustment as the Whole of the color image comprises 
the steps of: inputting Whole color adjustment information as 
the Whole of the color image; inputting color adjustment 
information of the plurality of designated colors When the 
plurality of colors are designated; determining color adjust 
ment parameters for the plurality of designated colors on a 
second color space from the color adjustment information of 
the plurality of designated colors; inputting piXel color 
information of each piXel of the color image; determining 
distances betWeen the piXel color information and the plu 
rality of designated colors on a third color space; and 
determining a color of the piXel after color adjustment on the 
second color space from the Whole color adjustment 
information, the color adjustment parameters for the plural 
ity of designated colors and the distances. 

(3) A color adjustment method of performing a color 
adjustment of a color image represented on a ?rst color 
space comprises the steps of: inputting designated colors of 
the color image; inputting designated-adjustment-colors for 
the designated colors; determining ?rst color adjustment 
parameters for the designated colors on a second color space 
based on the designated-adjustment-colors; inputting ?rst 
piXel colors of piXels in the color image; determining 
distances betWeen the ?rst piXel colors and the designated 
colors on a third color space; determining second color 
adjustment parameters for the ?rst pixel colors based on the 
?rst color adjustment parameters and the distances; deter 
mining determining color-adjusted piXel colors of the piXels 
based on the second color adjustment parameters and the 
distances, on the second color space; converting the color 
adjusted piXel colors to second piXel colors on a fourth color 
space; and repeating from the step of inputting ?rst piXel 
colors to the step of converting the color-adjusted piXel 
colors for every piXel in the color image. 

(4) A color adjustment method of simultaneously per 
forming a color adjustment of a color image represented on 
a ?rst color space and a color adjustment as the Whole of the 
color image comprises the steps of: inputting ?rst color 
adjustment parameters for the Whole of the color image; 
inputting designated colors of the color image; inputting 
designated-adjustment colors for the designated colors; 
determining second color adjustment parameters for the 
designated colors on a second color space based on the 
designated-adjustment-colors; inputting ?rst piXel colors of 
piXels in the color image on the ?rst color space; determin 
ing distances betWeen the ?rst piXel colors and the desig 
nated colors on a third color space; determining third color 
adjustment parameters for the ?rst piXel colors based on the 
?rst color adjustment parameters, the second color adjust 
ment parameters and the distances; determining color 
adjusted piXel colors of the piXels based on the third color 
adjustment parameters and the ?rst piXel colors, on the 
second color space; converting the color-adjusted piXel 
colors to second piXel colors on a fourth color space; and 
repeating from the step of inputting ?rst piXel colors to the 
step of converting the color-adjusted piXel colors for every 
piXel in the color image. 

(5) A color adjustment method according to any one of 
items (1) to (4), Wherein the color image is a color motion 
image. 
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4 
(6) A color adjustment method according to any one of 

items (1) to (4), Wherein the color image is a three 
dimensional color image. 

(7) A color adjustment method according to any one of 
items (1) to (4), Wherein the color adjustment information of 
the designated color is inputted including a range of adjust 
ment for the designated color. 

(8) A color adjustment method according to any one of 
items (1) to (4), Wherein the ?rst color space is a color space 
including three additive primary colors of red, green and 
blue. 

(9) A color adjustment method according to any one of 
items (1) to (4), Wherein the second color space is a color 
space including luminosity, chroma and hue. 

(10) A color adjustment method according to item (1) or 
(4), Wherein the third color space is a color space including 
luminosity and tWo chromaticities. 

(11) A color adjustment method according to item (3) or 
(4), Wherein the fourth color space is a color space including 
three additive primary colors of red, green and blue, a color 
space including three subtractive primary colors of cyan, 
magenta and yelloW, or a color space including four sub 
tractive primary colors of cyan, magenta, yelloW and black. 

(12) A color adjustment method according to item (9), 
Wherein the color adjustment parameters 0t, [3 and y for the 
designated color in the second color space satisfy the 
relations of ot=l‘/l, [3=c‘/c and y=h‘-h Where 1, c and h are the 
luminosity, chroma and hue of the designated color before 
color adjustment and l‘, c‘ and h‘ are the luminosity, chroma 
and hue of the designated color after color adjustment. 

(13) A color adjustment method according to any one of 
items (1) to (4), Wherein the distance on the third color space 
is a three-dimensional Euclidean distance on the third color 

space. 
(14) A color adjustment method according to item (1) or 

(4), Wherein the distance on the third color space is a 
?ve-dimensional Euclidean distance on a ?ve-dimensional 
space into Which the third color space and the plane of the 
color image are united. 

(15) A color adjustment method according to item (5), 
Wherein the distance on the third color space is a four 
dimensional Euclidean distance on a four-dimensional space 
into Which the third color space and the time aXis of the color 
motion image are united. 

(16) A color adjustment method according to item (5), 
Wherein the distance on the third color space is a siX 
dimensional Euclidean distance on a six-dimensional space 
into Which the third color space and the image plane and 
time aXis of the color motion image are united. 

(17) A color adjustment method according to item (6), 
Wherein the distance on the third color space is a siX 
dimensional Euclidean distance on a six-dimensional space 
into Which the third color space and the space of the 
three-dimensional color image are united. 

(18) A color adjustment method according to item (5) or 
(10), Wherein the distance on the third color space is a 
seven-dimensional Euclidean distance on a seven 

dimensional space into Which the third color space and the 
image plane and time aXis of the three-dimensional color 
motion image are united. 

(19) A color adjustment method according to item (1) or 
(3), Wherein a color adjustment parameter S for the color 
information of each piXel after color adjustment is deter 
mined on the second color space from the color adjustment 
parameters Si (i=1, - - - , n) for the plurality of designated 
colors and the distances di (i=1, - - - , n) by the interpolation 
equation of 
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Where f(X) (X20) is a Weighting function. 
(20) A color adjustment method according to item (2) or 

(4), Wherein a color adjustment parameter S for the color 
information of each pixel after color adjustment is deter 
mined on the second color space from the Whole color 
adjustment information S0, the color adjustment parameters 
Si (i=1, - - - , n) for the plurality of designated colors and the 
distances di (i=1, - - - , n) by the interpolation equation of 

Where f(X) (X20) is a Weighting function. 
(21) A color adjustment method according to item (7), 

Wherein a color adjustment parameter S for the color infor 
mation of each piXel after color adjustment is determined on 
the second color space from the color adjustment parameters 
Si (i=1, - - - , n) for the plurality of designated colors, the 
distances di (i=1, - - - , n) and the adjustment ranges qi (i=1, 
- - - , n) for the plurality of designated colors by the 
interpolation equation of 

Where f(X) (X20) is a Weighting function. 
(22) A color adjustment method according to item (7), 

Wherein a color adjustment parameter S for the color infor 
mation of each piXel after color adjustment is determined on 
the second color space from the Whole colora djustment 
information S0, the color adjustment parameters Si 
(i=1, - - - , n) for the plurality of designated colors, the 
distances di (i=1, - - - , n) and the adjustment ranges qi (i=1, 
- - - , n) for the plurality of designated colors by the 

interpolation equation of 

Where f(X) (X20) is a Weighting function. (23) A color 
adjustment method according to any one of items (19) to 
(22), Wherein the Weighting function f(X) is a monotone 
decreasing function in X>0. 

(24) A color adjustment method according to item (23), 
Wherein the Weighting function f(X) is 

(25) A color adjustment method according to item (3) or 
(4), Wherein the predetermined color information includes 
three-dimensional chromaticity information of the ?rst color 
space. 

(26) A color adjustment method according to item (3) or 
(4), Wherein the predetermined color information includes 
three-dimensional chromaticity information of the ?rst color 
space and image plane coordinate information of the color 
image. 

(27) A color adjustment method according to item (5), 
Wherein the predetermined color information includes three 
dimensional chromaticity information of the ?rst color space 
and image plane coordinate information and time frame 
information of the color motion image. 

(28) A color adjustment method according to item (6), 
Wherein the predetermined color information includes three 
dimensional chromaticity information of the ?rst color space 
and image space coordinate information of the three 
dimensional color image. 

(29) A color adjustment method according to item (5) or 
(6), Wherein the predetermined color information includes 
three-dimensional chromaticity information of the ?rst color 
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6 
space and image space coordinate information and time 
frame information of the color image. 

(30) A color adjustment method according to item (3) or 
(4), Wherein in the case Where the color information of the 
piXel after color adjustment is determined on the fourth color 
space from the plurality of predetermined color information 
after color adjustment stored, the determination is made 
using a multi-dimensional table interpolation method and 
the predetermined color information after color adjustment 
is data of a multi-dimensional table. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 and 2 shoW, as a Whole, a How chart of a color 
adjustment method according to a ?rst embodiment of the 
present invention; 

FIG. 3 is a vieW shoWing the construction of a color 
adjusting apparatus in the ?rst embodiment of the present 
invention; 

FIG. 4 is a diagram shoWing a color monitor screen in the 
?rst embodiment of the present invention; 

FIG. 5 is a diagram shoWing the concept of color adjust 
ment in the ?rst embodiment of the present invention; 

FIGS. 6, 7 and 8 shoW, as a Whole, a How chart of a color 
adjustment method according to a second embodiment of the 
present invention; 

FIG. 9 is a vieW shoWing the construction of a color 
adjusting apparatus in the second embodiment of the present 
invention; 

FIG. 10 is a diagram for eXplaining a color image before 
color adjustment in the second embodiment of the present 
invention; and 

FIG. 11 is a diagram for eXplaining a ?ve-dimensional 
space obtained by uniting a color space and an image plane 
in the second embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A ?rst embodiment of the present invention Will noW be 
eXplained in reference to the draWings. 
Though color adjustment can be realiZed by dedicated 

hardWare, the eXplanation in the folloWing Will be made in 
conjunction With the case Where it is performed by softWare 
on a computer. FIGS. 1 and 2 shoW, as a Whole, the How of 
a color adjustment method according to the ?rst embodiment 
of the present invention. The How includes thirteen steps 
1—13. FIG. 3 shoWs a computer system for performing color 
adjustment in the ?rst embodiment. FIG. 4 shoWs the state 
of a screen of the computer When a softWare program for 
color adjustment is operated in the ?rst embodiment. FIG. 5 
is a diagram for eXplaining the calculation of color adjust 
ment parameters in the ?rst embodiment. The color adjust 
ment method Will noW be eXplained in accordance With the 
How chart shoWn in FIGS. 1 and 2 While referring to FIGS. 
3—5. 

The computer system shoWn in FIG. 3 is provided With a 
computer body 1 and a color monitor 2. Color adjustment 
softWare corresponding to a graphical user interface is 
activated on the computer body 1 so that a color adjustment 
softWare WindoW 3 is displayed on the color monitor 2. 
Color image data on an RGB color space before color 
adjustment is loaded from a hard disk in the computer body 
1 to a memory (step 1). Namely, the data is Written into a 
video memory of the color monitor 2 and a color image 4 
before color adjustment is displayed, as shoWn in FIG. 4. 
The color image is a 256-gradation image of 0 to 255 levels 
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having 8 bits for each of R, G and B per one pixel and is an 
RGB signal Which is free of y correction in the NTSC 
standard of color television. Though the color image in the 
present embodiment is an image having 8 bits for each color 
on the RGB color space, the present invention is not limited 
to such an image. The color image may be an image on 
another color space. 
On a screen of the color monitor 2, an operator for color 

adjustment designates a color (ri, gi, bi) on the color image 
4 before color adjustment (or a designated color) and sets an 
adjustment color (ri‘, gi‘, bi‘) for the designated color (or a 
designated adjustment color) (step 2). The designated 
adjustment color may be selected from a color pallet 5 or 
may be set by changing the R, G and B levels of a 
designated-color WindoW 6. 
As shoWn in FIG. 5, the i-th designated color (ri, gi, bi) 

and the i-th designated adjustment color (ri‘, gi‘, bi‘) on the 
RGB color space are converted to a CIE-L* (luminosity) 
Cuv* (chroma)Huv° (hue) color space to obtain a designated 
color (li, ci, hi) and a designated adjustment color (li‘, ci‘, hi‘) 
(step 3). 

The conversion from the RGB color space to a CIE-XYZ 
color space is represented by the folloWing equation (1): 

X : 1.5476R + 0.4424G + 0.51088 

Y : 0.7622R + 1.4958G + 0.29208 

Z : 0.0000R + 0.1686G + 2.84638 

(1) 

The conversion from the CIE-XYZ color space to a 
CIE-L*u*v*color space is represented by the folloWing 
equation (2): 

The conversion from the CIE-L*u*v*color space to the 
CIE-L*Cuv*Huv° color space is represented by the folloW 
ing equation (3): 

(3) 

Though the conversion to the L* Cuv*Huv° color space is 
made in the shoWn example, the conversion to another color 
space is possible in accordance With the purpose of color 
adjustment, the adaptation to an image to be adjusted or the 
shortening of a calculation time. For simpli?cation, the 
L* Cuv*Huv° color space Will hereinafter be abbreviated as 
LCH color space. 

Since the designated color (li, ui, vi) on the CIE 
L*u*v*color space is to be used later on, it is stored. 

Explanation Will noW be made of color adjustment param 
eters. Provided that any color before color adjustment and an 
adjustment color therefor are (l, c, h) and (l‘, c‘, h‘) on the 
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8 
LCH space shoWn in FIG. 5, color adjustment parameters 0t, 
[3 and y are de?ned by the folloWing equation (4): 

(4) 

The de?nition by equation (4) is made on the basis of a 
concept of eliminating the variations of black by the adjust 
ment of luminosity L, eliminating the variations of achro 
matic color by the adjustment of chroma C and causing the 
uniform rotation of a hue circle by the adjustment of hue H. 
HoWever, it is possible to use other color adjustment param 
eters in accordance With the purpose of color adjustment or 
an image to be adjusted. 

From the designated color (li, ci, hi) and the designated 
adjustment color (li‘, ci‘, hi‘) on the LHC color space as 
de?ned in the above, color adjustment parameters oti 
(luminosity parameter), [3i (chroma parameter) and yi (hue 
parameter) for the designated color are determined (step 4) 
in accordance With the de?nition by equation (4), as shoWn 
by the folloWing equation (5): 

The judgement is made as to Whether or not steps 2 to 4 
are completed for all the designated colors (step 5). In the 
case of “completed”, the ?oW goes to step 6. In the case of 
“not completed”, the How returns to step 2. 

In step 6, pixel data (r, g, b) of the color image on the RGB 
space before color adjustment is inputted. 

In step 7, the pixel data (r, g, b) of the color image on the 
RGB space is converted into data (I, u, v) on a CIE-L*u*v* 
color space in accordance With equations (1) and (2), and an 
Euclidean distance di to each designated color is calculated 
by the folloWing equation (6): 

In step 8, the luminosity parameter oti, chroma parameter 
[3i and hue parameter yi for the designated color on the 
CIE-L*u*v* color space determined in step 4 and the 
distance di determined in step 7 are used to determine color 
adjustment parameters 0t (luminosity parameter), [3 (chroma 
parameter) and y (hue parameter) for the pixel data, as 
shoWn by the folloWing equation (7): 

Where f(x) is selected as 
equation (8): 

represented by the folloWing 

f(X)=1/X2 (8) 

HoWever, When x=0, f(x)= . Therefore, When di=0, the 
luminosity coefficient a is selected to ot=oti as an exceptional 
processing. Since the color adjustment parameters in the 
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vicinity of the designated color have a smooth change by 
virtue of such f(x), it is possible to realize preferable color 
adjustment. 

In step 9, the pixel data (I, u, v) on the CIE-L*u*v* color 
space is converted into data (I, c, h) on the LCH color space 
in accordance With equation 

In step 10, pixel data (1‘, c‘, h‘) on the LCH color space 
after color adjustment is determined in accordance With 
equation (4) from the data (I, c, h) before color adjustment 
and the color adjustment parameters 0t, [3 and y for the pixel, 
as shoWn by the following equation (9): 

(9) 

In step 11, the pixel data (1‘, c‘, h‘) on the LCH color space 
after color adjustment is converted to the RGB color space 
by inverse operations of equations (3), (2) and 

In step 12, a judgement is made as to Whether or not steps 
6 to 11 are completed for all pixels. In the case of 
“completed”, the How goes to step 13. In the case of “not 
completed”, the How returns to step 6. 

In step 13, a color image after color adjustment is out 
putted to the color monitor 2 so that it is displayed on an 
after-adjustment image WindoW 7. In the case Where the 
operator for color adjustment performs color adjustment 
again, the How returns to step 1. 

The color adjustment is completed by the above steps, 
thereby obtaining a desired color image. 

Next, a second embodiment of the present invention Will 
be explained referring to FIGS. 6 to 11. 

Though the above-mentioned ?rst embodiment corre 
sponds to a color adjustment method based on a color space 
including the R, G and B levels of a color image, the second 
embodiment corresponds to a color adjustment method 
based on a ?ve-dimensional space into Which the color space 
of a color image and the plane of the image are united. This 
color adjustment method can provide a further improved 
operability to an operator for color adjustment. 

FIGS. 6, 7 and 8 shoW, as a Whole, the How of a color 
adjustment method according to the second embodiment of 
the present invention. The How includes seventeen steps 
1—17. FIG. 9 shoWs a computer system for performing color 
adjustment. The computer system has a construction in 
Which an image inputting color scanner 9 and an image 
outputting color printer 10 are provided in addition to the 
system shoWn in FIG. 3. 

FIG. 10 shoWs an example of an image before color 
adjustment Which is suitable for explaining the second 
embodiment of the present invention. Referring to FIG. 10, 
a banana 11 and a summer orange 12 having the approxi 
mately same yelloW are present on a before-adjustment 
image WindoW 4. 
NoW consider that the color adjustment method according 

to the ?rst embodiment of the present invention is applied in 
the case Where the yelloW of the banana 11 is designated and 
is subjected to color adjustment to greenish yelloW While the 
yelloW of the summer orange 12 is designated and is 
subjected to color adjustment to reddish yelloW. 
Though the yelloWs of the banana 11 and the summer 

orange 12 are naturally near to each other, they are color 
adjusted toWard different directions. Therefore, a slight 
change of a color in a range regarded as yelloW may be 
subjected to large color adjustment, or in the case Where a 
certain color in the banana 11 is near to the color of the 
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summer orange 12, the corresponding color of the banana 11 
may be subjected to color adjustment to a color near to an 
adjustment color for the summer orange 12. As a result, 
color adjustment desired by an operator for color adjustment 
is not realiZed. 

Thus, the second embodiment provides a position change 
type color adjustment method in Which not only a color 
space but also a position on an image plane are considered 
in performing color adjustment. 
The position change type color adjustment method is 

realiZed on a ?ve-dimensional space into Which the color 
space and the image plane are united. FIG. 11 shoWs this 
?ve-dimensional space. A?ve-dimensional space With R, G 
and B levels and X and Y coordinates taken as axes is 
considered for an image before color adjustment. When the 
RGB level of a pixel at a point (x, y) on an XY coordinate 
system on the plane of the image is (r, g, b), it is regarded 
as being positioned at a position shoWn in the loWer portion 
of FIG. 11. 

In the second embodiment, not only the color adjustment 
of a designated color but also the color adjustment as the 
Whole of the color space can be performed simultaneously. 
Further, a color adjustment processing for the color image is 
realiZed at a high speed in such a manner that the color of 
lattice point data after color adjustment on the ?ve 
dimensional space including the RGB system and the XY 
system is determined and tabulated and an actual pixel (r, g, 
b, x, y) is determined by interpolation from the lattice point 
data table. 
The color adjustment method according to the second 

embodiment Will noW be explained in accordance With the 
How chart shoWn in FIGS. 6, 7 and 8. 

Image data on an RGB color space before color adjust 
ment is loaded from the color scanner 9 into a predetermined 
memory buffer (step 1). Namely, the data is Written into a 
video memory of the color monitor 2 and is displayed on the 
before-adjustment image WindoW 4, as shoWn in FIG. 10. 

In step 2, an operator for color adjustment inputs color 
adjustment parameters (x0 (luminosity parameter), [30 
(chroma parameter) and Y0 (hue parameter) for the Whole of 
a color image. 

In step 3, the operator for color adjustment designates a 
color (ri, gi, bi) on the color image before color adjustment 
(or a designated color) and sets the coordinate (xi, yi) of the 
designated color and an adjustment color (ri‘, gi‘, bi‘) for the 
designated color (or a designated adjustment color). 

Like step 3 in the ?rst embodiment, the i-th designated 
color (ri, gi, bi) and the i-th designated adjustment color (ri‘, 
gi‘, bi‘) on the RGB color space are converted to a CIE-L* 
(luminosity) Cuv* (chroma) Huv° (hue) color space (step 4). 

Like step 4 in the ?rst embodiment, color adjustment 
parameters (X1 (luminosity parameter), [3i (chroma 
parameter) and yi (hue parameter) for the designated color 
are determined from a designated color (li, ci, hi) and a 
designated adjustment color (li‘, ci‘, hi‘) on the LHC color 
space in accordance With the de?nition by equation (4) (step 
5). 
The judgement is made as to Whether or not steps 3 to 5 

are completed for all the designated colors (step 6). In the 
case of “completed”, the How goes to step 7. In the case of 
“not completed”, the How returns to step 3. 

In the ?rst embodiment of the present invention, pixel 
data of the color image is directly subjected to a color 
adjustment processing. In the second embodiment, hoWever, 
a ?ve-dimensional table interpolation method is used in 
order to perform the color adjustment processing at a high 
speed. According to the table interpolation method, the 
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accurate level of a reference point (lattice point) after 
conversion is determined and data of an intermediate point 
is interpolated from the reference point. Though various 
methods are knoWn for interpolation, the second embodi 
ment uses ?fth-order linear interpolation Which is the exten 
sion of bilinear interpolation in a tWo-dimensional system. 

In step 7, color data (rf, gf, bf) and coordinate data (xf, yf) 
of a lattice point on the RGB space before color adjustment 
are inputted. The lattice point data is determined at (0, 0, 0, 
0, 0), (0, 0, 0, 0, 32), (0, 0, 0, 0, 64), - - - , (256, 256, 256, 
256, 256). 

The color data (rf, gf, bf) of the lattice point on the RGB 
space is converted into data (If, uf, vf) on a CIE-L*u*v* 
color space by use of equations (1) and (2), and a ?ve 
dimensional Euclidean distance d? (i=1, - - - , n) to each 

designated color is calculated, as shoWn by the folloWing 
equation (10): 

Where k is a coefficient for matching the image plane 
distance With the color space. 

In step 9, the color adjustment parameters (X0, [30 and Y0 
for the Whole of the color image inputted in step 2, the color 
adjustment parameters oti, [3i and yi for the designated color 
(li, ui, vi) (i=1, - - - , n) on the CIE-L*u*v* color space 
determined in step 5 and the distance d? (i=1, - - - , n) 

determined in step 7 are used to determine color adjustment 
parameters yf (luminosity parameter), [3f (chroma 
parameter) and yf (hue parameter) for the pixel data, as 
shoWn by the folloWing equation (11): 

In step 10, the pixel data (If, uf, vf) on the CIE-L*u*v* 
color space is converted into data (If, cf, hf) on the LCH 
color space in accordance With equation 

In step 11, pixel data (If, cf‘, hf) on the LCH color space 
after color adjustment is determined in accordance With 
equation (4) from the data (If, uf, vf) before color adjustment 
and the color adjustment parameters of, [3f and yf for the 
pixel, as shoWn by the folloWing equation (12): 

In step 12, the pixel data (If, cf, hf‘) on the LCH color 
space after color adjustment is converted to the RGB color 
space in accordance With inverse operations of equations 
(1H3) 

In step 13, the judgement is made as to Whether or not 
steps 7 to 12 are completed for all the pixels. In the case of 
“completed”, the How goes to step 14. In the case of “not 
completed”, the How returns to step 7. 

In step 14, the color data (r, g, b) and coordinate (x, y) of 
a pixel of the color image on the RGB color space before 
color adjustment are inputted. 

In order to interpolate a point (r, g, b, x, y)=(100, 142, 45, 
33, 203) on the ?ve-dimensional space into Which the color 
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12 
space and the coordinate system are united, 32 data of (rf, gf, 
bf, xf, yf)=P1(96, 128, 32, 32, 192), P2(96, 128, 32, 32, 
224), - - - , P32(128, 160, 64, 64, 224) are prepared as output 
lattice point data on the RGB or CMYK color space and the 
color R‘G‘B‘ of the pixel after color adjustment is outputted 
by performing a ?ve-dimensional table interpolation pro 
cessing (step 15) in accordance With the loWer 5-bit data 
(Ar=4, Ag=14, Ab=13, Ax=1, Ay=11) of r, g, b, x and y and 
the folloWing equation (13): 

(13) 

In step 16, the judgement is made as to Whether or not 
steps 14 and 15 are completed for all pixels. In the case of 
“completed”, the How goes to step 17. In the case of “not 
completed”, the How returns to step 14. 
A color image after color adjustment is outputted to the 

color monitor 2. In the case Where the operator for color 
adjustment performs color adjustment again, the How 
returns to step 1. Con?rming that the color adjustment is 
satisfactory, the color image after color adjustment is out 
putted to the color printer 10 to obtain a color hard copy 
(step 17). 
Though the explanation of the second embodiment is 

completed in the foregoing, it should be noted that the color 
adjustment method of the present invention can be applied 
on a multi-dimensional space into Which a color space and 
the space and time axes of an image are united. As examples 
of such a multi-dimensional space can be considered a 
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six-dimensional space into Which an RGB color space and 
the space XYZ of a three-dimensional image are united, a 
four-dimensional space into Which an RGB color space and 
time T are united, a six-dimensional space into Which an 
RGB color space and the plane XY and time T of an image 
are united, and a seven-dimensional space into Which an 
RGB color space and the space XYZ and time T of a 
three-dimensional image are united. When those spaces are 
used, a distance d? betWeen a color (lf, uf, vf) to be 
processed and a designated color (li, ui, vi) is represented by 
the folloWing equations (14), (15), (16) and (17): 

Where k and m are coef?cients for matching the space 
distance and time distance of the image With the color space, 
respectively. 
As Will be apparent from the foregoing explanation, the 

present invention enables the realiZation of simple and easy 
color adjustment by a color adjustment processing based on 
a distance on a multi-dimensional space including a color 

space. 
What is claimed is: 
1. A color adjustment method of performing a color 

adjustment of a color image, said color image being repre 
sented on a ?rst color space, comprising the steps of: 

inputting ?rst designated colors of said color image, said 
?rst designated colors being represented on said ?rst 
color space; 

inputting ?rst designated-adjustment-colors for said ?rst 
designated colors, said ?rst designated-adjustment 
colors being represented on said ?rst color space; 

converting said ?rst designated colors and said ?rst 
designated-adjustment-colors to second designated col 
ors and second designated-adjustment colors, 
respectively, said second designated colors and said 
second designated-adjustment-colors being represented 
on a second color space; 

determining ?rst color adjustment parameters for said ?rst 
designated colors based on said second designated 
colors and said second designated-adjustment-colors; 

inputting ?rst pixel colors of said color image, said ?rst 
pixel colors being represented on said ?rst color space; 

converting said ?rst designated colors and said ?rst pixel 
colors to third designated colors and second pixel 
colors, respectively, said third designated colors and 
said second pixel colors being represented on a third 
color space; 

determining distances betWeen said second pixel colors 
and said third designated colors; 

determining second color adjustment parameters for said 
?rst pixel colors based on said ?rst color adjustment 
parameters and said distances; 
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14 
converting said second pixel colors to third pixel colors 

Which are represented on said second color space; 
determining ?rst color-adjusted pixel colors based on said 

second color adjustment parameters and said third pixel 
colors; and 

converting said ?rst color-adjusted pixel colors to second 
color-adjusted pixel colors Which are represented on 
said ?rst color space. 

2. A color adjustment method according to claim 1, 
Wherein said color image is a color motion image. 

3. A color adjustment method according to claim 1, 
Wherein said color image is a three-dimensional color 
image. 

4. A color adjustment method according to claim 1, 
Wherein said ?rst designated-adjustment-colors provide a 
range of adjustment for said ?rst designated colors. 

5. A color adjustment method according to claim 1, 
Wherein said ?rst color space is a color space including three 
additive primary colors of red, green and blue. 

6. A color adjustment method according to claim 1, 
Wherein said second color space is a color space including 
luminosity, chroma and hue. 

7. A color adjustment method according to claim 1, 
Wherein said third color space is a color space including 
luminosity and tWo chromaticities. 

8. A color adjustment method according to claim 1, 
Wherein said distances are three-dimensional Euclidean dis 
tances on said third color space. 

9. A color adjustment method according to claim 1, 
Wherein said distances are ?ve-dimensional Euclidean dis 
tances on a ?ve-dimensional space into Which said third 
color space and a plane of said color image are united. 

10. A color adjustment method according to claim 1, 
Wherein said second color adjustment parameters are deter 
mined based on said ?rst color adjustment parameters and 
said distances by the folloWing interpolation equation: 

Where Si (i=1, - - - , n) represents said second color 

adjustment parameters, di represents said distances, 
and f(x) (x20) is a Weighting function. 

11. A color adjustment method of performing a color 
adjustment of a color image, said color image being repre 
sented on a ?rst color space, comprising the steps of: 

(a) inputting ?rst designated colors of said color image, 
said ?rst designated colors being represented on said 
?rst color space; 

(b) inputting ?rst designated-adjustment-colors for said 
?rst designated colors; 

(c) converting said ?rst designated colors and said ?rst 
designated-adjustment-colors to second designated col 
ors and second designated-adjustment-colors, 
respectively, said second designated colors and said 
second designated-adjustment-colors being represented 
on a second color space; 

(d) determining ?rst color adjustment parameters for said 
?rst designated colors based on said second designated 
colors and said second designated-adjustment-colors; 

(e) inputting ?rst pixel colors of pixels in said color 
image, said ?rst pixel colors being represented on said 
?rst color space; 

(f) converting said ?rst designated colors and said ?rst 
pixel colors to third designated colors and second pixel 
colors, respectively, said third designated colors and 
said second pixel colors being represented on a third 
color space; 
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(g) determining distances between said second pixel col 
ors and said third designated colors; 

(h) determining second color adjustment parameters for 
said ?rst pixel colors based on said ?rst color adjust 
ment parameters and said distances; 

(i) converting said second pixel colors to third pixel colors 
Which are represented on said second color space; 

determining ?rst color-adjusted pixel colors of said 
pixels based on said second color adjustment param 
eters and said ?rst pixel colors; 

(k) converting said ?rst color-adjusted pixel colors to 
second color-adjusted pixel colors Which are repre 
sented on a fourth color space; and 

(l) repeating from step (e) to step (k) for every pixel of 
said color image. 

12. A color adjustment method according to claim 11, 
Wherein said color image is a color motion image. 

13. A color adjustment method according to claim 11, 
Wherein said color image is a three-dimensional color 
image. 

14. A color adjustment method according to claim 11, 
Wherein said ?rst designated-adjustment-colors provide a 
range of adjustment for said ?rst designated colors. 

15. A color adjustment method according to claim 11, 
Wherein said ?rst color space is a color space including three 
additive primary colors of red, green and blue. 

16. A color adjustment method according to claim 11, 
Wherein said second color space is a color space including 
luminosity, chroma and hue. 

17. A color adjustment method according to claim 11, 
Wherein said third color space is a color space including 
luminosity and tWo chromaticities. 

18. A color adjustment method according to claim 11, 
Wherein said fourth color space is a color space including 
three additive primary colors of red, green and blue, a color 
space including three subtractive primary colors of cyan, 
magenta and yelloW, or a color space including four sub 
tractive primary colors of cyan, magenta, yelloW and black. 

19. A color adjustment method according to claim 11, 
Wherein said distances are three-dimensional Euclidean dis 
tances on said third color space. 

20. A color adjustment method according to claim 11, 
Wherein said second color adjustment parameters (S) are 
determined based on said ?rst color adjustment parameters 
(Si, Where i=1, - - - , n) and said distances (di) by the 
folloWing interpolation equation: 

Where f(x) (x20) is a Weighting function. 
21. A color adjustment method according to claim 11, 

Wherein said ?rst pixel colors include three-dimensional 
chromaticity information or said ?rst color space. 
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22. A color adjustment method according to claim 11, 

Wherein said ?rst pixel colors include three-dimensional 
chromaticity information on said ?rst color space and image 
plane coordinate information of said color image. 

23. A color adjustment method according to claim 11, 
Wherein step (k) is conducted using a multi-dimensional 
table interpolation method and said ?rst color-adjusted pixel 
colors are data of a multi-dimensional table. 

24. A color adjustment method, comprising: 

(a) displaying a colored image that is represented on a ?rst 
color space; 

(b) designating a plurality of designated colors in the 
colored image for adjustment; 

(c) for each designated color, selecting a corresponding 
designated-adjustment color that is represented on the 
?rst color space; 

(d) converting the designated colors and the correspond 
ing designated-adjustment colors to a second color 
space; 

(e) determining ?rst color adjustment parameters from 
representations of the designated colors and the 
designated-adjustment colors in the second color space; 

(f) converting the colored image and the designated colors 
to a third color space; 

(g) determining distances, in the third color space, 
betWeen pixel colors of the colored image and the 
designated colors; 

(h) ?nding second color adjustment parameters from the 
distances and the ?rst color adjustment parameters; and 

(i) using the second color adjustment parameters to adjust 
the pixel colors. 

25. A color adjustment method according to claim 24, 
Wherein the colored image is displayed on a screen in step 
(a), and Wherein step (b) comprises selecting the designated 
colors from a color pallet that is also displayed on the screen. 

26. A color adjustment method according to claim 24, 
Wherein the colored image is displayed on a screen in step 
(a), and Wherein step (b) is conducted using a designated 
color WindoW that is also displayed on the screen. 

27. A color adjustment method according to claim 24, 
Wherein the colored image is displayed on a screen in step 
(a), and further comprising displaying the colored image on 
the screen using the adjusted pixel colors. 

28. A color adjustment method according to claim 24, 
Wherein the ?rst color space has a red dimension, a green 
dimension, and a blue dimension, Wherein the second color 
space has a luminosity dimension, a chroma dimension, and 
a hue dimension, and Wherein the third color space has a 
luminosity dimension and tWo chromaticity dimensions. 


